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T itle: Methods for the production of platinum-based linkers 

between labels and bio-organic molecules, for 
labelling bio-organic molecules, for detecting 
biological substances of interest and diagnostic 
test kits . 



The invention relates to methods for the production of 
linkers (linking moieties between labels and bio-organic 
molecules, which linkers are based on platinum compounds. 
Platinum (coordination) compounds have been considered 
5 interesting molecules for a very long time. For a review of 
these compounds and their uses we refer to Reedijk et al . 
(Structure and Bonding 67, p. 53-89, 1987). Especially Cis- 
platinum has received a lot of attention as a possible anti- 
tumour drug. This anti-tumour reactivity of platinum compounds 
10 originates from their having at least two reactive groups 

(preferably cis- oriented towards each other) , which make it 
possible to cross-link DNA molecules, thereby inhibiting the 
replication of these DNA molecules. 

A different use of platinum (coordination) compounds has 
15 been disclosed in PCT application (WO92/01699) wherein a 

platinum compound having two reactive moieties (denominated as 
leaving groups therein) is reacted with a fluorescein to 
obtain a labelled platinum compound having only one reactive 
moiety which can bind ( non-covalently ) to a nucleic acid, 
20 preferably at the N-7 position of a guanine residue. The 

present invention provides improved methods of preparing such 
platinum compounds which are suitable for use as linkers in 
such labelling substances, improved methods of preparing 
labelled substances and the use of such substances in 
25 preparing diagnostic test kits . 

In WO92/01699 the starting compounds disclosed are 
platinum ( II ) (ethylenediamine)dichloride or 
[platinum(II) (ethylenediamine) (Me2SO)Gl] + C1~ . 
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Both compounds have certain disadvantages for use as a 
linker. The first one can be obtained commercially, the second 
one (the preferred one) must be synthesized as the chloride 
salt. In the dichloride compound, the CI "ions are less readily 
5 substituted by a marker group or a guanine group, 

respectively. Moreover, since the two Cl" ions have about the 
same reactivity, it happens that both ions are substituted by 
a label, leaving no reactive moiety for coupling the labelled 
substance to a bio-molecule of interest. It is for that reason 

10 that compounds having different reactive moieties are very 
much preferred for use in labelling. This is true for the 
second compound, however, the total DNA labelling for this 
compounds will be appreciably longer, up to several hours in 
stead of several minutes, making the product less suitable for 

15 routine use . 

We have now found a very simple and reliable method to 
produce symmetrical linkers including the first one just 
mentioned and a number of novel ones, through selection of 
suitable starting compounds of the formula PtE4 wherein E is 

20 an electronegative group, preferably a halogen or NO3" or SO3" 
The reaction, which is described in the examples, of these 
starting compounds with ethylenediamine is very simple and 
efficient. Moreover, this reaction leads to very suitable 
symmetric intermediate compounds for producing labelled 

25 substances . The advantages of working with these starting 

compounds for producing labelled substances have never been 
disclosed and these starting compounds have never been used 
for this purpose. A major advantage of using these compounds 
is that when a stabilizing bridge for the resulting platinum 

30 compound has to be attached that no blocking reagents have to 
be employed. Another advantage is that the resulting 
intermediate compounds can again be labelled without the use 
of blocking agents . Therefor steps removing blocking agents 
can be eliminated completely. Furthermore the yields of these 

35 reactions are very high. Another advantage of the use of these 
symmetrical starting compounds is that no mixtures of 
different resulting compounds can be formed, which may 
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20 
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30 



interfere with the following' reaction and reduce yield or 
require extra separation steps . A very suitable intermediate 
compound according to the invention is 

platinum (II ) (ethylenediamine) (N0 3 ) 2 . Surprisingly, hardly any 
double labelling occurs with these compounds, which is in 
contrast with the dichloride compound of WO92/01699. This 
substance can very easily be provided with a suitable 
labelling group, resulting in a labelling substance which can 
still, through substitution of the remaining NO3 group be 
linked to a bio-organic molecule to be labelled or detected, 
which reaction proceeds much faster than with the known 
platinum compounds . Furthermore the methods for producing this 
compound and the resulting compound do not involve highly 
toxic substances such as DMSO. 

The intermediate compounds can be labelled with any 
suitable label (also known as marker). These labels may be 
radioactive labels, enzymes (which need reaction with a 
substrate to be detected) , specific binding pairs components 
such as avidin, streptavidin or biotin, biocytin, iminobiotin, 
colloidal dye substances, f luorochromes (rhodamin, etc.)/ > 
reducing substances (eosin, erythrosin, etc.)/ (coloured) 
latex sols, digoxigenin, metal sols or other particulate sols 
(selenium, carbon and the like), dansyl lysin, antibodies, 
protein A, protein G, etc.- These labels may be attached to the 
linkers directly or through spacer arms (preferably 
polylysin) . Because the labelling of nucleic acids and 
proteins is so easy, it is possible to sell the linker- label 
compounds separately in a kit so that any user can produce the 
labelled substances easily, or. can attach by the same 
procedure many different labels of choice to the substances . 
This allows for multiple detections in one assay. Furthermore 
the known advantages of the platinum labelling compounds ( from 
WO92/01699 for instance) are of course also obtained with the 
present methods and compounds . Another advantage of the 
platinum compounds is that they can be detected more or less 
directly by using the platinum as a nucleus for depositing 
silver or other metal crystals. 
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Almost every bio -organic molecule which contains an 
accessible S (sulphur) or an N (nitrogen) can be labelled with 
the platinum compounds . A very suitable bio-organic molecule 
to be labelled with the labelling substance according to the 
5 invention is nucleic acid (nucleotides, oligonucleotides, DNA, 
RNA, homo duplexes, heteroduplexes , or multiplexes). The 
platinum binds very easily (non-covalently ) to the N-7 
position of guanine residues. This way DNA or RNA molecules, 
be it single stranded or otherwise can be easily .detected, but 

10 it also allows for the production of probes for hybridization 
techniques wherein unlabelled DNA/RNA molecules hybridize to 
the labelled probe. The platinum compounds do hardly interfere 
with the hybridization, if at all. Also, this technique 
obviates the use of modified nucleotides in preparing probes. 

15 However, proteins, peptides and other bio-organic molecules 
can also be labelled with the labelling substances according 
to the invention. 

The platinum compounds according to the invention are 
also very suitable for attaching bio -organic molecules to 

20 solid surfaces such as nitrocellulose, nylon filters or 
microtiter plates . 

Nucleotides modified in accordance with the practices of 
this invention and oligo- and polynucleotides into which the 
modified nucleotides have been incorporated or oligo- and 

25 polynucleotides that have been directly modified using these 
novel platinum compounds may be used as probes in biomedical 
research, clinical diagnostics and recombinant DNA technology. 
The wide variety of utilities are based upon the ability 
of the platinum compounds to form stable complexes with 

30 polypeptides which in turn can be detected either by means of 
detectable moieties which are attached to or which interact 
with the polypeptide. Some uses include detecting and 
identifying nucleic acid-containing etiological agents, e.g. 
bacteria and viruses ; screening bacteria for antibiotic 

35 resistance; screening animals for genetic disorders in 
relation to pharmaceutical effects; diagnosing genetic 
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disorders, e.g. trisomy 21, sickle cell anemia: chromosomal 
karyotyping: and identifying tumour cells. 

Other -advantages and embodiments of the invention will 
become clear from the following experimental part. 
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EXPERIMENTAL 



SYNTHESIS .OF INTERMEDIATE PLATINUM COMPOUNDS 

5 These compounds may be prepared by a process which 

involves : 

(a) reacting a compound in which the anion has the structure: 



10 



CI CI 

v 



2- 



(i) 



with KI in a suitable solvent under suitable conditions so as 
to form a iodated platinum compound wherein the anion has the 
structure : 



15 



I I 

V 



2- 



(2) 



20 



(b) reacting said iodated platinum compound (2) with 
ethylenediamine in a suitable solvent so as to form a 
diethyleneamine iodated platinum compound as represented by 
the formula Pt(en)l2 and which has the structure: 



Hl5 

2 



NH 





Pt 



J (3) 
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(c) reacting said compound (3) with AgN0 3/ the reaction being 
carried out in a suitable solvent, under suitable conditions 
so as to form a compound having the structure: 



f-yvi 



NH 



3 J 



(4) 



10 



(d) reacting said compound (4) with KC1 in a suitable solvent 
under suitable conditions so as to form a compound having the 



structure : 



H^ 



NH 





Pt 

c/ X c 



J (5) 



15 



(e) reacting said compound (5) with AgN03 in a suitable 
solvent, under suitable conditions so as to form a compound 
having the structure : 



HoN NH 2 
Pt 



0 3 N 



NO 



3 J 



(6) 



20 



(f) recovering said compound (6) as modified platinum starting 
compound for the synthesis of hapten-bound Pt(en) compounds 
for use as DNA and/or RNA label. 
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Compounds (4) and (6) are of course the same, both reactions 
preparing them have been given as alternatives . 



Example 1 

5 

Preparat i on of VH(&n\ -di amine fif.flrfciB<T — mater ial* 

Preparation of Platinumethylenediamine ( NO3 ) 2 : starting 

material . 
10 Pt( en) (N0 3 ) 2 

All reactio ns are performed in the dark, 

Dissolve 1 gram Potassium tetrachloroplatinate( II ) , 
K 2 PtCl 4 (2.4 mmol, Sigma) in 50 ml millipore (filtered water) 
15 and stir at room temperature. Add 10 equivalents of Potassium 
iodide, Kl (24 mmol , 3.999 g, Sigma). The colour of the 
solution will immediately turn from orange into dark red 
(K2Ptl4)/ stir for 5 minutes. 

Add one equivalent ethylenediamine (2.4 mmol, 160.8743 *il, 
20 Merck 11=0.9 kg) after diluting 161 mJ- ethylenediamine in 5 ml 
millipore very slowly to the platinum solution, mix this 
solution for 1 hour at room temperature. 

A yellow/brown precipitate, Pt(en)l2/ will be formed and 

the liquid standing above should be clear . 
25 Filter the solution through a 1 . 0 \m membrane filter 

( Schleicher ^Schuell ) , wash the precipitate with millipore, 
ethanol and diethylether (in this order). Dry the Pt(en)I 2 for 

at least 4 hours in a vacuum dry-oven at 37°C. 

Weigh the dried Pt(en)I 2 (-1.07 g) and suspend it in 45 ml 

30 millipore/5 ml aceton, the solution will be cloudy. Add 1.95 
equivalent of AgN03 (M » 169.9, Sigma). Stir the reaction 
overnight at room temperature. 

Filter the solution through a 1.0 p membrane filter, the 
precipitate is Silver iodide, Agl, the filtrate should be 

3 5 clear. 

Add to 0.5 ml of the filtrate, containing Pt(en) (NO3) 2/ an 
excess of KC1 or NaCl and make sure that no white precipitate 
is formed immediately after adding the excess of KC1 or NaCl. 
If no white, precipitate (only a yellow one) is formed then add 
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an excess of KC1 or NaCl to the entire filtrate. After the 
yellow precipitate is formed filter the solution and wash the 
precipitate. (Pt(en)Cl2) with millipore, ethanol and diether. 
Dry the precipitate for at least 4 hours in a vacuum 

5 dryoven at 37°C. 

Weigh the dry Pt(en)Cl2 (M=326,l), and suspend it in 45 ml 
millipore/5 ml aceton and stir the cloudy suspension. Add 1.95 
equivalent AgN0 3 and stir the solution overnight at room 
temperature. The colour of the solution will become white, due 
10 to the formation of AgCl . 

Filter the solution in the dark and evaporate the 
filtrate to remove the aceton by rotation evaporation untill 
25 ml of the filtrate is left. The filtrate is then 
freezedried. The product is checked by NMR or Infrared 
15 Absorption Spectroscopy. An element analysis is given below. 



Table I 





Pt(en) <N0 3 ) 2 


M w = 


379.1 


20/1 


batch 










20 




A 






B 




A 


A-B 


Theor . 






Sample 2 


5 .79 


% 


C 


5.15 


% C 


-0 . 


86 % 


6 . 33 


% 






2 .03 


% 


H 


1. 81 


% H 


+0 . 


19 % 


2.11 


% 






12.1 


% 


N 


13.3 


% N 


-2 . 


07 % 


14 .77 


% 


25 




48.2 


% 


Pt 


48 .4 


% Pt 


-3. 


16 % 


51.46 


% 






23 . 5 


% 


O 


23 . 1 


% 0 


-2. 


02 % 


25 .32 


% 






<0 . 2 


% 


Na 















There was not sufficient material for CI- test. 
V 2 Os was added for the CH-, N- and S -combustions . 
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Table II 



10 



15 



Compound 
ULS 95 RM005 


Read . 


Theory 


Found 
(A)% 


Ref . 


Found 
(B)% 


Ref. 


Probable 


C 


6.3 


6.47 


F2576 






Structure 


H 


2.1 


2.11 


II 






[Pt(en) (N0 3 )2 


N 


14 . 8 


14 . 48 


if 








0 














S 














Hal 














Metal 













Example 2. 

20 Preparati on of Immunol ogicallv — flfttSCtablS — fraPten- 
Ptfen^compQunds 

Preparation of platinum ethylene diamine-e- ( 6- 
( Biotinoyl ) amino ) hexanoyl -L- lysine -nitrate 
25 [Pt( en ) ( Biocytin-X) ( N0 3 ) ] N0 3 • 

All reactions are performed in the dark, 

Dissolve 31.6 mg biocytin-X (0.065 mmol, Molecular 
Probes, Inc, USA) in 15 ml millipore in the dark and heat the 

30 solution slightly (up to a maximum 40°C) untill dissolving and 
adjust the pH to 7-8 with 0.4 M NaOH. Dissolve 23.4 mg 
Pt(en)(N0 3 ) 2 (M=379.1, 0.062 mmol) (see example 1) in 10 ml 
millipore in the dark and heat the solution slightly (up to a 
maximum of 50°C) until Pt(en)(N0 3 ) 2 is completely dissolved . 

35 When both reagents are completely dissolved add the 

biocytin solution to the platinum solution and let them react 





0 
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15 



11 

for 210 minutes at room temperature in the dark. The pH of the 
solution has to be 7.0, so the pH is monitored during the 
reaction and either H2O or HNO3 is added if necessary. 

Isolate the product [Pt(en) (biocytin-X) (NO3) ]N0 3 by means 

of freeze drying. 

Stability of the product is ensured by the binding of Pt 
not only to the amino group of biocytin-X, but also to the 
carboxylate group of biocytin-X. Due to the latter binding 
kinetics of the platinum compound a chelate ring form is 
created which will account for the stability of the product 
once it is dissolved in water, because no polymerisation 
reactions can occur. 

An element analysis of [Pt(en) (biocytin-X) (N0 3) ]N0 3 is given 
below . 



Table TTT 



BIO-ULS 


[Pt(en)BIO]N0 3 

A 


M w 


= 689,6 
B 




A A-B 




Theor . 




Sample 1 


: 31.49 


% 


C 


31 . 42 


% 


C 


-0.064 


% 


.31.50 


% 




5 . 63 


% 


H 


5 . 40 


% 


H 


+0 . 374 


% 


5.89 


% 




13 . 2 


% 


N 


13 . 0 


% 


N 


-1.24 


% 


14 . 34 


% 




18 . 3 


% 


Pt 


18 . 5 


% 


Pt 


- 9 .95 


% 


28 .35 


% 




3 .65 


% 


S 


3 .67 


% 


S 


-1.0 


% 


4 . 66 


% 




19 .2 


% 


O 


19 . 0 


% 


O 


-2 . 826 


% 


21 . 926 


% 




3 . 23 


% 


Na 

















20 



25 



There was not sufficient material for CI -test. 
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e 3 



Preparation of Platinum 
L- lysin- nitrate. 

[Pt(en) (Digoxigenin) <N0 3 )] (N0 3 ) 



ethylenediamine-Digoxigenin 



R. 



10 



15 



Dissolve Pt(en) (N03)2 ( 0.062 itimol, 23,65 mg) in 20 ml 
methanol and heat to 50°C until Pt(en) (N0 3 ) 2 is completely 
dissolved. 

Dissolve digoxigenin- L- lysin (45,3 mg) in 20 ml methanol, 
heat until all solid material is dissolved. 

Add the two solutions together and react for at least 
3 hours. Isolate the end product by rotation evaporation. 
Digoxigenin R is a registered trademark of Boehringer Mannheim. 



t Platinum (en) 



20 Preparation of Platinum e tlxylenedi amine - 
Fluor esceinamine - nitrate . 
(Pt (en) (Fluoresceinamine) (N03)]NO3. 



All reactions are> n^r formed in rhft dark. 
25 Dissolve Pt(en) (N03)2 (0.25 mmol, 94,8 mg) in 10 ml 

methanol/2 ml water, by heating until dissolving. 

Dissolve fluoresceinamine (0.27 mmol, 95,5 mg, Sigma) in 

10 ml methanol. 

Add the fluoresceinamine solution to the platinum 
30 solution, an immediate change of colour is observed. 

Run the reaction for at least 3 hours, 
isolate the crystalline end product by rotation 
evaporation, followed by freeze drying. 
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Example 5 

Preparation of Platinum etliyl endi amine - 

5 • acetamidoFluorescein- ni trate * 

[Pt(en) ( 5 1 acetamidoFluorescein) (NO3HNO3. 

All reac tions arfi performed in the dark. 

Dissolve Pt(en) (N03)2 { 0,047 mmol, 17.8 mg) in 5 ml 
methanol, heat until dissolving. 

Dissolve 5' acetamidof luorescein (0.049 mmol, 20 mg, Molecular 
Probes Inc.) in 10 ml methanol. 

Add the acetamidof luorescein solution to the platinum 

solution and react for at least 3 hours 

Isolate end product by rotation evaporation. 

Example 6 

Preparation of Platinum etliyl enedi amine £- (6- 

( fluorescein- 5 - carboxamido ) hexanoyl) - I* - lysine- ni trate • 

[Pt ( en) Pluoresceinlysine (NO3 ) INO3 . 

All ffiarr inns arp n^rformpd in the dark. 

Dissolve Pt(en)(N03)2 (0.077 mmol, 29,17 mg) in 10 ml 

methanol, heat upon dissolving. 

Dissolve £- (6- (fluorescein- 5 -carboxamido) hexanoyl) -L-lysin 

(0.081 mmol, 50 mg) in 10 ml methanol. 

Add the fluorescein solution to the Platinum solution and 
react for at least 3 hours. Isolate the end product by 
rotation evaporation. 

Example 7 

Preparation of Platinum e tbyl enedi amine- 5 - (and 6) - ( (N- 
( 5 -aminopentyl) amino) carbonyl) tetramethylrliodamine- 
ni trate . 

[Pt(en) ( tetramethylrhodamine cadaverine) (N03)]N03 

All rea rrions a to perfromed in the dark. 

Dissolve Pt(en) (N03)2 (0.07 4 mmol, 28 mg) in 10 ml 
methanol, heat upon dissolving. 
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Dissolve tetramethylrhodamine cadaverine (0.077 mmol, 40 
mg, Molecular Probes Inc.) in 10 ml methanol. 

Add the. two solutions together and react for at least 

3 hours . 

5 Isolate the end product by rotation evaporation. 

Example 8 

Preparation of Platinum etlxylenediamine- Cascade BlueR 
10 cadaverine - ni tra t e . 

[Pt(en) (Cascade Blue cadaverine) (NO3 ) ] NO3 . 

Dissolve Pt(en){N0 3 ) 2 (0.057 mmol, 21,6 mg) in 10 ml 
demineralised water and heat to 50°C until Pt(en) (N0 3 )2 is 

15 completely dissolved. 

Dissolve Cascade Blue cadaverine (0.06 mmol, 40 mg. , 
Molecular Probes Inc.) in 10 ml demineralised water. 

Add the two solutions together and react for at least 
3 hours . 

20 Isolate the end product by freeze -drying. 

Cascade Blue 11 is a registered trademark of Molecular Probes 
Inc . 

25 Example 9 

Preparation of 

Platinum etixylenediamine - 4 , 4 - dif luoro- 5,7- dimetkyl -4- 
bora03a , 4a- diaza - s - indacene - 3- 
30 proprionyl ethyl enediamine - ni trate . 

[Ft(en) (BODIPYR530/550 C3EDA) (NO3 ) ] NO3 . 

Dissolve Pt(en)(N0 3 ) 2 (0.052 mmol, 19.66 mg) in 10 ml 
methanol and heat until dissolving . 
35 Dissolve BODIPY 530/550 C3EDA (0.0545 mmol, 256 mg, 

Molecular Probes Inc . ) in 10 ml methanol . 

Add the two solutions together and react for at least 3 hours. 
Isolate the end product by rotation evaporation. 

40 BODIPY® is a registered trademark of Molecular Probes Inc. 
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Example 10 

Preparation" of Platinum et&ylenediamine-N-e- { 5- 
dimetliylaminonaplitalene- 1 - aulf onyl ) - L- lysin - ni trate 
[Pt(en) (Dansyl lysin) (N03)]N03. 

Dissolve Pt(en) (N03)2 (0,125 mmol, 47.5 mg) in 20 ml 
demineralised water and heat to 50°C until Pt(en) (N0 3 ) 2 is 

completely dissolved. 

Dissolve Dansyl lysin (0.13 mmol, 50 mg, Molecular Probes 
Inc.) in 20 ml demineralised water, adjust the pH to 7 - 8 
with 0.4 M NaOH. 

Add the two solutions together and react for at least 
3 hours. Isolate the end product by f reezedrying . 

Example 11 

Ration for cou pling Pt(en) - compounds tP PNA 

Typical reaction for labelling DNA molecules witli a 
Pt(en) -compound. 

5 pg of double stranded DNA is sonicated or DNase treated 
to yield fragments of 300-500 bp. 6 pg of Pt (en) -compound is 
added and the volume is adjusted to 50 pi with demineralised 
water. The reaction mixture is incubated at 65°C for 1 hour. 
Non-bound Pt (en) -compound is blocked by adding 100 pi of a 
NADDTC solution. The Pt (en) -compound labelled DNA is purified 
on a sephadex G-50 column. Readily labelled and purified DNA 
is stored at -20°C or used directly in a DNA probe based 
assay. Pt (en) -compound labelled DNA probeis can be stored at 
least 2 years at 20°C without loss of activity and/or 
specificity. 

All applications mentioned are carried out with probes 
labelled according to this protocol. 
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Preparation of Platinum etJiylendiamine- rliodamine 123- 
ni trate - 

[Pt(en) (rliodamine 123) (N03)]N03. 



10 



15 



20 



25 



30 



All reacrinns arc* nerformpri in the dark . 

Dissolve Pt(en) (N03>2 (0.058 mmol, 21,9 mg) in 10 ml N,N- 
dimethylf ormamide # heat upon dissolving. 

Dissolve rhodamine 123 (0.060 mmol, 22,8 mg) in 8 ml N,N- 
dimethy If ormamide. Add the rhodamine solution to the platinum 

solution and react for at least 3 hours. Isolate the product 
by rotation evaporation. 



Preparation of Platinum ethyl enedi amine- (7 - amino- 4- 
methylcoumarine) -nitrate* 

[Pt (en) (7 - amino - 4 - methyl coumarine ) (N03)]N03. 

All reac tiong arP performed in t.hft dark. 
Dissolve Pt(en) (N0 3 ) 2 (0.098 mmol, 37,0 mg) in 25 ml 
methanol/2 ml dernineralized water, heat upon dissolving. 
Dissolve 7 -amino -4 -methyl coumarine (0.10 mmol, 18 mg) in 10 ml 
methanol . 

Add the 7 -amino- 4 -methyl coumarine solution to the platinum 
solution and react for at least 4 hours. Isolate the product 
by rotation evaporation, followed by f reezedrying. 

Bacample 14. 

Preparation of Platinum ethyl enedi amine- 5 - aminoeosin- 
ni trate . 

[Pt(en) (5-aminoeosin) <N03)]N03- 

All rear rinns are performed in the dark. 

Dissolve Pt(en) (N0 3 ) 2 (0.068 mmol, 25.6 mg) in 15 ml 

N, N- dimethyl f ormamide, heat upon dissolving. 
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Dissolve 5-aminoeosine (0.07 5 mmol, 50 mg) in 10 ml 
N, N- dimethyl formamide . 

Add the 5-aminoeosine solution to the platinum solution and 
react for at least 4 hours. 

Isolate the product by rotation evaporation. 

5-aminoeosin: commercially available by 

Mol. Probes (A- 117) 




NH 2 



Bx ample — 1£ 

Preparation of Platinum e thy lenedi amine- IRD- nitrate, 
[Pt (en) ( IRD ) (N0 3 ) ] NO3 . 

All reactions arfi performed in rfie tflarK . 

Dissolve Pt(en) (N0 3 ) 2 (0.008 mmol, 3.2 mg> in 5 ml 

N,N- dime thy If ontiamide, heat upon dissolving. 

Dissolve IRD (presented below) (0.009 mmol, 7.5 mg) in 5 ml 

N , N- dimethyl formamide . 

Add the IRD solution to the platinum solution and react for at 
least 3 hours. Isolate the product by rotation evaporation. 
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NH 




S0 3 Na 

6 

SO3 

IRD 



Bxaaml e 16 

BIOTIN liABELIjING OP DNA PROBES WITH THE UNIVERSAL 
LINKAGE SYSTEM 

Introduction 

The labelling method has been used to label DNA probes 
with biotin for In Situ Hybridization (ISH) . In this example 
labelling procedures including the protocols and data for 
quality control procedures, are presented. For biotin 
labelling a plasmid cloned total DNA of Human Papilloma Virus 
type 6 (HFV-6, 40% GC basepairs) was used. 
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Experimental procedures 

Plasmid DNA preparation 

Total DNA of Human Papilloma Virus type . 6 was cloned into 
vector pSp-64. Plasmid DNA was transfected into E.coli (C-600) 
and plated onto ampicillin containing LB plates. Single 
colonies were grown overnight in large culture. 
Plasmid DNA was isolated according to the method of Birnboim 
and Doly 1 , purified by Sepharose C1-2B columnchromatografy 
(Pharmacia) and checked for inserts by restriction- enzyme - 
analyses. Plasmid DNA concentration was determined by A260/280 
absorbtion. After ethanol precipitation the DNA was 
reconstituted in lOmM TRIS/HC1 pH 7.2, 0.3mM EDTA to a final 
concentration of 1 pg/pl (batch# 150894) Subsequently this DNA 
was sonicated (Soniprep 150., MSE) for 3 times 10 minutes 
(amplitude 5 microns) on ice. 

The size of the resulting DNA fragments was determined 
by 2% agarose gel electrophoresis and found to be in between 
200-4 00 basepairs (batch# 051094) . 

Plasmid DNA labelling and purification 

Plasmid HPV-6 DNA was labelled with Biotin-ULS by mixing 
the following reagents : 

plasmid HPV-6 DNA (batch# 051094) 5 pi (1 pg/pl) 

Biotin~ULS labelling reagent (batch* BX940830) 8 nl (l pg/pl) 
Demineralised water (< 0.2/ pS/cm) 37 pi 

The 50 pi reaction mixture was incubated for 15 minutes 

at 85°C. 

Excess of labelling reagent was captured by adding 50 pi 
sodium diethyldithiocarbamate (2% solution in demineralised 
water) and incubating for 3 0 minutes at roomtemperature . 

Unbound Biotin-ULS was removed, using a S3 00 HR microspin 
column (Pharmacia) , by size exclusion chromatography. 

Eluent volume was adapted to 500 pi giving a 10 ng/pl 
biotin HPV-6 probe concentration (batch- 06109 -4 . ) . 
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Quality Control for detection limits 

The detection limit of the Biotin probe was determined by 
direct spot- blot and reversed f ilterhybridization according to 
the following protocols : 

5 

Biotin labeled HPV-6 probe (batch 061094) was 10 fold 
serially diluted into spot buffer comprising 900mM 
sodiumchloride, 90mM sodiumcitrate and 200 jig/ml single 

10 stranded salmon sperm DNA giving a dilution series varying 
from 1000 - 0.1 pg biotin probe per nl . 

1 jil spots were applied onto Nitrocellulose membrane and 
incubated for 2 hours at 80°C to bind the DNA. The biotin 
probe was visualized using a streptavidin- alkaline phosphatase 

15 conjugate (Sigma) combined with an NBT/BCIP precipitating 
substrate solution (Sigma) according to the following 
protocol : 

- Membranes were soaked in TBS solution containing 0.5% 
tween20 (TBST) for 5 minutes. 

20 - Membranes were incubated with Strep- AP (3 DEA a/ml) in TBST 
for 15 minutes at 37°C. 

- NC -membranes were washed 3 times 5 minutes in TBS solution 
followed by a 5 minutes wash step in demineralized water. 

- Membranes were incubated with NBT/BCIP substrate solution 

25 for 15 minutes at 37°C, subsequently washed in demineralized 

water and air dried. 

Results 

By using this method the detection limit of the biotin 
30 DNA probe was found to be less than 1 pg . 

^^prgpH 1 terhvhn dilation 

HPV-6 DNA (batch 051094) was 1 in 10 diluted in 0 . IN 
NaOH, incubated at 100°C for 5 minutes and directly placed on 
3 5 ice for 5 minutes to make the DNA single stranded. 

A 10 fold serial dilution was made in cold 0 . IN NaOH to give a 
serie varying from 10,000 - 1 pg DNA per \xl. 1 \xl spots were 



A 



10 



15 



WO 96/35696 PCT/NL96/00198 

21 

applied onto Nylon membrane (Boehringer Mannheim) and air 
dried. 

Biotin. labelled HPV-6 DNA probe was diluted in 5xSSPE 
0.5% SDS solution to yield a concentration of 200 ng/ml . 
This solution was incubated for 5 minutes at 100°C and placed 
directly on ice for 5 minutes . 

Nylon membranes containing target DNA were soaked in 
2x SSC for 5 minutes and subsequently incubated with the 
single stranded probe solution for 2 hours at 37°C. 
Excess of the biotin probe was removed by three changes in 
2x SSPE 0.1% SDS for 10 minutes at 37°C followed by a 
5 minutes TBST incubation. 

The Biotin probe was visualized by performing the same 
protocol as described in the direct spotblot method. 

Results 

By using this procedure the detection limit of the biotin 
probe was found to be less than 10 pg . 




20 

The test material consisted of 6 p paraffin sections of a 
HPV-6 positive cervical condyloma mounted on organosilane 
coated glass slides. 

The following protocol was applied (unless otherwise stated 
25 steps are at roomtemperature ) : 

1 Paraffin sections were dewaxed in 3 changqes of xylene and 
hydrated in graded ethanol . 

2 Sections were rinsed in TBST for 5 minutes. 

3 Sections were digested in 0.25% pepsin in 0.1NHC1 for 
30 30 minutes at 37°C, dehydrated in graded ethanol and air 

dried . 

4 10 pJ- of probe solution was applied to a section and 
covered with a covers lip . 

Probe solution consisted of biotin HPV-6 probe DNA 
35 (batcht 061094) in a concentration of 2 ng/pJ- dissolved 

in hybridization mixture comprising 0 . 6M NaCl, 0.06M 
Na- citrate, 3 5% formamid, 
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10% dextransulphate, 2 . 5x Denhardts and 10 v±/m± single 
stranded salmon sperm DNA. 
5 Slides -were placed on a hotplate set at 95°C for 5 minutes 
to denature probe and target DNA simultaneously. 
5. 6 Hybridisation was performed by placing the slides in a 



3 changes of 15mM NaCl, 1 . 5mM Na-citrate and 5% formamid 
for 10 minutes at 37°C. 
10' 8 Slides were rinsed in TBST . 



(3 DEA U/ml in TBST) for 15 minutes at 3 7°C. 
10 Slides were washed in TBST (3x) and demineralised water 
( lx ) for 5 minutes . 
15 11 Sections were incubated with NBT/BCIP substrate solution 

for 15 minutes at 37°C. 
12 Slides were washed in demineralised water (3x) for 

- 1 minute and sections were mounted in glycerol/gelatin . 

20 Results 

By using the sections showed blue/purple precipitates at 
the sites of HPV-6 infected cells and minor background in the 
remaining tissue. 

25 Conclusions 

The results demonstrate that DNA labelled with the ULS 
method have good label detection limits . The ULS method is 
very well suited for research, routine and for industrial 
production of labelled* nucleic acids, as the method is fast 

30 and easy to perform, very sensitive, and does not include any 
enzymatic step, which makes it highly reproducible and fitted 
for an overall low cost production. The. ULS method offer a 
useful alternative equaling conventional non-isotopic 
labelling methods . 



7 



humidified chamber at 37°C for 2 hours. 
Coverslips were removed and slides were washed in 
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Sections were incubated with Streptavidin AP conjugate 
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Applications 

1. The use of Pt-DNA linkers in tlie so called LIDIA 
technique : Linked DNA immuno Assay. 

The LIDIA technique enables the quantitative analysis of 
small amounts of DNA (or RNA) e.g. after a PCR amplification 
of the starting material. The technique is sensitive and 
specific, due to the use of specific DNA ( RNA ) probes and easy 
to perform, because of the quick DNA ( RNA ) Pt-labelling steps. 

Description of the technique: 

The technique uses fast Pt labelling compounds to label 
DNA (RNA) probes 

i 

This technique is possible with 3 different approaches. 

1. Linking DNA probes molecules to a surface by using a Pt 
compound which cross -link DNA molecules irreversibly to 
plastic, nylon or nitrocellulose. Detection of DNA targets 
can then be accomplished by using classically labelled 
DNA/RNA probes. (nick translation or chemical modification, 

random priming) 

2. Linking a detectable group to the DNA, to render a DNA 
molecule into a so-called DNA probe. Binding of DNA 
compounds to a surface can then be accomplished by using 
classic techniques known to science (covalent linking to 
specially treated microtiter plates, baking of DNA 
molecules onto nitrocellulose or binding of DNA molecules 



3 . 



to nylon membranes . 

A combination of techniques 1 and 2 
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Approach 1 

An immobilized DNA probe can be used to catch specific 
target molecules in a sample by using a hybridization 
5 technique. Detection of formed hybrids can be done by using 
different techniques, e.g. a second labelled DNA probe can be 
used to hybridize with a different site on the target DNA 
molecule to form a sandwich hybrid. The label can then be 
detected by using state of the art immunological detection and 
10 colouring techniques . 

Approach 2 

A volume containing (amplified) detectable DNA(RNA) is 

15 directly labelled according to the protocol. 

Excess label is quenched by adding NaDDTC or Thioureum. 
This approach distinguishes itself from other techniques by 
the fact that the target molecule is labelled in contrast to 
other assay were labelled DNA(RNA) probes are used to detect 

20 the target. The quick binding capacity of the Pt- label 

compound (ULS) enables a DNA binding step as a routine step in 
a diagnostic test procedure (normal binding times are 
60 minutes at 65°C) . 

A second step is performed in a microtiter plate 

25 precoated with a target specific probe. Incubation is allowed, 
to the formation of stable "Labelled target" and probe 
hybrids. The direct labelling of target molecules enables the 
omission of laborious double hybridization techniques where 
one probe is used to catch the target and another labelled 

30 probe is used to detect the immobilized target. 

In this method the probes are covalently linked to the 
microtiter plate to the surface of the wells. The second 
incubation step has the character of a liquid hybridisation 
and therefore can be performed very rapidly. This is one of 

35 the main innovative features of this approach to quantitive 
DNA hybridisation techniques . 
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Approach 3 

Both for the immobilization of DNA probes or DNA targets 
and for the labelling of DNA probes and targets the newly 
5 developed Pt Universal Labelling System can be used. These two 
DNA linking techniques can be combined into one assay where 
both the "catcher" and the "detector" are linked to a second 
substance (either a detectable grouplike biotin, digoxigenin 
or a carrier surfacelike a plastic stick, microtiter plate or 
10 a membrane) . 

Examples of the technique: the detection of STD related 
microorganisms in human diagnostics (Chlamydia, Syfilis, AIDS , 
Herpes , Gonorrhoea , Hep . B , ) 

15 

2. The use of Pt-DNA labels in combination with test 
strip procedures and formats. 
The "DNA Dipstick". 

20 The DNA dipstick technique enables the qualitative and 

semi -quantitative analysis of small amounts of DNA (or RNA) 
e.g. after a PCR amplification or freely present in samples of 
body fluids (blood, urine, sweat etc.) 

The technique is sensitive and specific, due to the use 
25 of specific DNA (RNA) probes and easy to perform because of the 
quick DNA ( RNA ) Pt-labelling steps. 

The universal labelling characteristics of the newly 
developed Pt label can be used in 3 ways to achieve a bound 
DNA ( RNA ) molecule . 
30 1. It can be used to attach a detectable marker group to a 

polynucleotide sequence. 
2 . It can be used to attach polynucleotide sequences 

irreversibly to a solid phase (plastic, membranes, latex 
beads, hydrosols or microtiter plate wells). 
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3 . A combination of 1 and 2 
ad 1 : 

In this example there is a twofold approach to the 
detection of biolytes biological analytes in test samples. 
5 Firstly a DNA probe can be labelled with the newly developed 
Pt labelling compound. This labelled probe can then be used to 
detect preformed hybrids on a membrane formed between the 
target DNA sequence and a primary probe. It is essential in 
this method that the primary probe recognizes a different 
10 sequence on the target than the secondary Pt labelled probe. 
In practice, this can be achieved for instance with RNA 
hybridization were a POLY A probe is used as a primary probe 
to immobilize all RNA (recognizable by its polyT tails) to a 
membrane . 

15 The second approach differs slightly in that in this case 

the target can be labelled in the test sample fluid, because 
of the fast and very specific Pt labelling characteristics. A 
procedure like this would comprise a catch of the labelled 
target with an immobilized specific unlabelled DNA probe on a 

20 suitable membrane. Hence a dipstick version for DNA/RNA 
applications . 

ad 2 : 

To immobilize DNA probes or target DNA, a non- labelled Pt 
25 compound (that is a Pt compound with 2 free binding sites) can 

be used to act as a bridge between DNA and the surface of . 

carriers (plastic, membrane, microtiter plates etc.) 

It greatly enhances the usability of DNA sequences as 

catcher molecules in diagnostic assays, since there are little 
30 substances known to science that bind readily DNA in a 

spontaneous way. Introducing this Pt bridge molecule a wide 

field of new applications for the DNA technology has come 

within reach . 

35 ad 3 : a combination of example 1 and 2 

General: especially the use of the Pt linker molecule in 
latex or hydrosol assays is particularly interesting. The 
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linker enables the coupling of DNA molecules to small 
particles. The DNA molecules can be hybridized to target 
material. A- positive reaction is visualized by an 
agglutination of the particles, due to crosslinking of the DNA 

5 hybrid particle compounds . 

A test like this can be made quantative, the rate of 
agglutination can be tuned and measured at a specific 
wavelength. Especially gold particles have the intrinsic 
characteristic that a shift in optimal wavelength occurs after 
10 agglutination. 

3. Protein labelling using Pt-marker compounds in 
diagnostic test procedures . 

15 The ability of Pt-marker compounds to interact with 

protein structures under specified conditions that differ from 

the DNA binding conditions, can be used to label e.g.: 

a. mono or polyclonal antibodies to detect primary targets in 

test samples 

20 b. protein derivatives used as antigens in test procedures 
based on the so called inhibition principle 
c. specific protein structures that are known to interact 
specifically with other compounds, but generate a non 
immunogenic interaction with each other . e.g. streptavidin and 

25 biotin, and protein A and G with Immunoglobulines . 

Labelled tracermolecules can be used to determine either 
qualitatively or quantitatively an amount of a certain biolyte 
in a suitable test format (dipsticks , elisa or others) 

4 . Long term acting proteins : 



30 



Of special interest is the potential use of the Pt linker 
to stabilise protein (biomolecules in general) in vivo . A 
35 therapeutical use of the Pt compound is that bio-substances 

used as therapeutics (insulin, factor VIII and the like) show 
a short term action once inside the body. The coupling of 
these substances to Pt compound may enhance the halflife of 
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these molecules thus enabling longer acting substances to be 
produced and used -in vivo . This implies less trouble for 
patients and more effective use of expensive drugs and 
medicines . 

5. Detection of Platinated DNA probes with the the 
silver -enhancement technique. 

Platinated DNA/RNA probe can be employed in hybridisation 
10 methods to detect DNA/RNA sequences in sample material. The 

introduction of a platinum compound at the site of the target 
enables the deposition of Ag molecules in a chemical reaction 
especially designed to reduce ionic Silver to metallic silver. 
At the site of a Pt nucleus a decomposition of metallic 
15 Silver (black) occurs due to the catalytic effect of the Pt 
nucleus . 

Ionic silver is reduced by a reducing agent (e.g. 
Na-borohydrid, Hydrochinon) in solution. In a constant ratio 
the amount of silver deposited on the Pt is proportional to 
20 the length of the enhancement incubation. 

Visualisation of a non-visible Pt nucleus can be accomplished 
by the empirical observation of the appearace of a black spot 

in the test sample. 

The black spots indicate the site of specific probes 
25 binding and thus the site of specific target location. 

The technique enables a quick and easy diagnostic procedure 
for the detection of various microorganisms and gene 
translocations/abnormalities . 
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1. Method for the preparation of linkers for labelled 
substances, whereby the linker comprises a platinum compound 
of the formula : 



wherein X represents any stabilizing bridge and wherein A and 
B represent the same or different reactive moieties, 

whereby the starting material comprises a compound of the 
structure : 



wherein C represents an electronegative reactive moiety. 

2 . A method according to claim 1 wherein A and B are the 
same . 

3. A method according to claim 1-2, wherein X represents an 
alifatic diamine. 

4 . A method according to' claim 3 wherein X represents a 
diamine having 2-6 carbon atoms. 

5. A method according to claim 2 wherein X is an ethylene 
diamine group . 



x 





c 



c 
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6 . A method according to claim 5 wherein A and B are 
selected from the group consisting of NO3" , SO3*' CI", I", o 

other halogens . 

5 

7. A method according to anyone of the afore going claims 
wherein C is a halogen, NO3" or SC>3~- 

8. A method for the preparation of linkers for labelled 

10 substances, whereby the linker comprises a platinum compound 
of the formula : 



15 wherein X represents an ethylene diamine group and wherein A 

and B represent NO3-, whereby the starting material comprises a 
compound of the structure: 



wherein C represents a halogenic group, wherein the starting 
compound is reacted with ethylene diamine and whereby the 
resulting compound is reacted with AgN03 . 



X 
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9. 



A method for preparing a labelling substance of the 



formula : 



X 




Y 



A 



5 



wherein X and A are as defined in the afore going claims and 
wherein Y is a label, whereby a compound of formula: 



wherein A, B and X are defined as in the aforegoing claims is 
reacted with a labelling group whereby Y is subsituted for B. 

10. A method for labelling a bio-organic molecule whereby a 
15 labelling compound obtainable by the method of claim 9 is 

reacted with the bio- organic molecule, whereby the group A is 
replaced by the bio-organic molecule. 

11. Method according to claim 10 whereby the bio-organic 
20 molecule is a protein, a peptide, a DNA molecule or an RNA 

molecule, or an (oligo- ) nucleotide . 

12. A diagnostic test kit for detecting, determining and or 
localizing biological substances of interest, comprising a 

25 linker obtainable according to the methods of any one of 
claims 1-8 together with at least one suitable label and 
optionally other suitable means for detection. 



X 




10 
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13. A diagnostic test kit for detecting, determining and or 
localizing biological substances of interest, comprising a 
labelling substance obtainable according to the method of 
claim 9, optionally together with other suitable means for 
detection . 

14. diagnostic test kit for detecting/ determining and or 
localizing biological substances of interest, comprising a 
labelled bio-organic molecule obtainable according to the 
methods of claim 10 or 11, optionally together with other 
suitable means for detection. 
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